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This invention relates to electrical Systems 
for indicating, measuring, or controlling (the 
term “measuring' being hereinafter considered 
as being included within the meaning of the term 
“indicating'), according to variations in an elec 
trical quantity (voltage, current, frequency, etc.), 
an impedance (capacity, inductance or resist 
ance), or conditions representable in terms of 
such electrical quantity or impedance. 
This invention has particular utility in con 

nection with liquid-level measuring and control 
Systems, and is herein illustrated and particu 
larly described in connection with such systems, 
but the present invention. has a wide range of 
applications and no unnecessary limitation to 
the particular, application herein described is 
intended. 

It is well known to vary a capacitance or re 
sistance according to variations in the level or 
quantity of a liquid, and to then measure that ca 
pacitance or resistance directly in terms of liquid 
level or quantity. Particularly, it is common to 
effect a capacitance variation with change in level 
or quantity of electrically non-conductive liquids, 
Such as gaSoline, by placing a group of two or 
more vertically-extending; condenser plates in 
the tank containing the gasoline. These plates 
have open spaces.therebetween so that below the 
level of measurement the dielectric medium be 
tween the plates is gasoline and above that level 
the dielectric medium is air. Since gasoline has 
a dielectric constant equal approximately to 
twice that of air, changes in the level of the 
gasoline cause proportional changes in the ca 
pacity of the condenser plates. Typically, in 
present aircraft applications, this capacitance 
varies from 400 to 800 mm.fci. as from empty to 
ful tank conditions. 

This invention is particularly adapted to full 
fill the needs for a stable and reliable electrical 
System for aircraft, for measuring such electrical 
capacity in terms of liquid level or quantity and 
for effecting control actions in response to varia 
tions of Such electrical capacity. The invention 
is however not peculiar to the measurement of 
electrical capacity, but is applicable, "as Well, as 
will be hereinafter apparent, to the measurement 
of the other electrical quantities and impedances 
abovementioned. 

Broadly, the present system is...of a type known 
in the art wherein two A.-C. voltages are ob 
tained from a common source, one of which is 
dependent on a quantity under, measurement, 
and are compared to produce a deflection of a 
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movable element according to their ratio. Pref 
erably, although not necessarily, the invention 
contemplates rectifying the two A.-C. voltages 
and comparing them by a D.C. type of instru 
ment-which is itself also known in the art. 
Certain novel and important features and ob 
jects of the present invention are: 

(1) To provides an improved measuring and/or 
control System of the type mentioned which is in 
herently independent of the frequency of the 
driving; source, and which is adapted to "Work 
efficiently at any frequency of that source with 
in a range of the Order of a few cycles per Sec 
Ond to hundreds of kilocycles per Second; 

(2) To provide Such System which is Substan 
tially independent of the magnitude of the driv 
ing Source; 

; (3) To provide an efficient such system which 
does not draw any power from the driving source 
or affect" the magnitude or character of the 
voltages under "comparison; 

(4) To provide such a system in which unde 
sired variables. Such as temperature-induced 
effects are substantially balanced put; 

(5) To provide such system in which at least 
the Variable Voltage under measurement is trans 
mitted to a measuring or control circuit by a 
thermionic stage including grid, cathode and 
plate elements connected to operate with feed 
back either in cathode-follower arrangement or 
with plate-to-grid coupling; 

(6) To provide such system wherein both 
voltages under comparison are fed to measuring 
or control devices by thermionic stages connected 
to operate with feedback so that the operation 
of the stages is Substantially independent of the 
plate voltages and tube characteristics; 

(7). To provide such system wherein the volt 
ages under comparison are fed to low-impedance 
measuring or control circuits and are rectified 
by thermionic stages of the cathode-follower 
type; and 

(8) To provide. Such System wherein cathode 
follower stages are arranged so, that the final 
indications or control actions are independent 
of any steady component of plate current. 

Furthermore, it... is an object to provide a 
cathode-follower stage which is biased to op 
erate as a rectifier without infiuence from D.-C. 
plate current. 

... Still further, it is: an object to provide electri 
cal measuring and/or control Systems. Of the 
character mentioned which are. Sinn ple, straight 
forward, readily amenable to analysis, easy to 
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adjust and calibrate, dependable, and economis 
cal to manufacture. 
These and other object and features of my in 

vention will be apparent from the following de 
Scription and the appended claims. 

In the description of my invention reference 
is had to the a?cCompanying drawings, of which: 
Figure 1 is a schematic view of a preferred form 

of electrical indicating system according to my. 
invention, illustrated for indicating according to 
variations in an electrical capacity such for ex 

0. 

condensers 5 and 

able voltage-divider circuit, referred to as O, 
comprises a fixed condenser and a variable 
coindenser 2 - connected in Series a CrOSS a Source 
3 of alternating current. The fixed voltage 

divider circuit, referred to as 14, comprises fixed 
6 connected in Series also 

across the source 3. One side of the source 3 is 
preferably connected to ground, as at 1, and the 
voltages to be compared are typically taken from 
the impedance elements of the respective divider 
circuits which are connected directly to ground. 

ample as is used for measurement of gasoline or " 
other liquids; - - - - - - -- --. 

Figure 2 shows a typical plate-current plate 

with a load line, to illustrate better the operation 
of the cathode-follower stages included in the 
system of Figure 1; - - - - 

Figures 3 and 4 are fractional schematic views 
illustrating modified input circuits intended for 
optional Substitution for the lefthand portion of 
the liquid-level system shown in Figure ; 

Figure 5 is a fractional Schematic view illus 
trating a modified cathode follower circuit in 
tended for optional substitution in Figure 1; 

Figure 6 is a schematic view illustrating an in 
dicating and/or control system according to my 
invention wherein the cathode-follower circuits 
are adapted to pass A.-C. voltages and the recti 
fication is effected by separate devices; 

Figure 6a is a modified substantially equivalent 
form of the system of Figure 6; - 

Figures 7 and 7d. Show modified forms of the 
Systems of Figures 6 and 5 respectively wherein 
only a single amplifier stage is employed; 
- Figure 8 is a fractional view of a ratio-type in 
strument adapted for control purposes and usable 
in place of the indicating instruments illustrated 
in the foregoing figures; . . - . . 

Figure 9 is a fractional schematic view illus 
trating an input circuit for my invention for 
measuring frequency; 

Figure 10 is a fractional view showing an alter 
native form of indicating and/or control instru 
ment for the present electrical systems; 

Figure 11 is a view showing the system generally 
of Figure 1 modified to use an indicating instru 
ment of the compensated moving-coil type; and 

Thus, the voltages are taken from the variable 
condenser 2 and the fixed condenser is. It is to 
be noted however that in the variable divider cir voltage family of curves for a triode, together 15 
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Figure 12 is a view generally of the system of 
Figure 1 modified to work as a null-type indicator. 

In the present electrical systems there are two 
alternating-current circuits fed from a common 
Source, at least one of which is a variable voltage 
divider circuit comprising a fixed impedance ele 
ment and a variable impedance element in series. 
In liquid-level measuring Systems, and other like 
applications wherein it is desired that the final 
indications be independent of the frequency of 
that Source, both impedance elements of that cir 
cuit are of the same type-i. e., capacitive, induc 
tive or resistive. The other circuit may not in 
clude any impedance elements at all if the whole 
voltage of the driving source may be taken as a 
reference voltage. However, if any fraction of 
the voltage of the driving Source is to be used as 
the reference voltage, the second circuit will in 
clude two fixed impedance elements in series to 
form a fixed voltage-divider circuit. In the par 
ticular application herein illustrated the elements 
of this circuit are also preferably of the same type 
so that this circuit will not be sensitive to fre 
tuency of the Source, but these elements need 
not be of the same type as are those of the vari 
able divider circuit as will hereinafter appear. 

In the embodiment shown in Figure 1 the vari 

50 

cuit, the voltage need not be taken from the vari 
able one of the two impedance elements since the 

; voltage across the fixed element varies to the 
same extent, but in reverse direction, as does the 
voltage across the variable element. When the 
variable condenser is of the type adapted to be 
immersed in a liquid to have a variable capacity 
proportional to the level or quantity of that 
liquid, it is desirable that one side of this con 
denser be connected to ground so as to leSSen the 
possibility of shorts developing across the con 
denser; in liquid-level measuring systems, there 
fore, the variable condenser 2 is preferably con 
nected to the ground line 7 and the variable 
voltage is taken directly from that condenser. 

In the foregoing description, it will be under 
stood that the term “variable' as applied to one 
of the two voltages under comparison refers to 
variations in that voltage in response to varia 
tions in the quantity under measurement. It 
will be understood that this voltage may also 
vary from other influences as in response to vari 
ations in the magnitude of the voltage of the 
source 3 but that such other variations are bal 
anced out, and are ineffective to influence the 
final indications, or control action, as the case 
may be. . . . . . . . 
Since the tank condenser 2 has typically in 

aircraft applications a low capacity of the order 
of 400 to 800 mmfcd., and since the lead connec 
tions to this condenser may be quite long and 
may therefore have a stray capacity of a con 
parable order of magnitude, this stray capacity is 
represented by the fixed condenser 8 connected 
in shunt with the variable condenser 2. 
In order to obtain a maximum percentage 

variation of the voltage from the variable con 
denser f2, the capacity of the fixed condenser 
should be small-i. e., have a high impedance 

55 
relative to that of the variable condenser. How 
ever, when the capacity of the fixed condenser is 
small relative to that of the variable condenser, 
the variable condenser captures only a Small per 
centage of the voltage of the driving Source. 
Therefore, as the capacity of the fixed condenser 
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is reduced, a driving source of greater Voltage is 
required in order to maintain the mean varying 
voltage at a given value. For best conditions of 
balance it may be desired that the fixed condenser 

have a capacity equal to the mean value of the 
condensers f2 and 8. While a Wide latitude in 
choice of the capacities of the condensers 5 and 
6 is permitted, for best conditions of balance it 
may be desirable that the capacities of these con 
densers be the same as that of the condenser f. 
The voltages under comparison are fed by leads 

9 and 2C to grids 2 a. and 22a of respective elec 
tron discharge devices 2 and 22. Each of these 
devices has also a plate and cathode designated 
by the number of the device with the suffix let 
ters b and c respectively. These devices may, for 
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example, be: the triode - sections of a 6SN7 tube; 
The plates of these devices are connected by a . 
lead, 23...directly to a source: of potential Which 
may be a battery 24. The loads for these de 
vices are connected in the cathode circuits, and 
therefore the devices are referred to as being 
connected as cathode followerS. 
The load may, comprise a ratio-type instrument, 

5 

or any suitably compensated instrument adapted 
to produce deflections of a movable element Sub 
stantially according to the ratio of two currents. 
In any case such instrument will have two coils. 
differently energizable to produce the deflections. 
Of the strictly ratio-type instruments, there may 
for example be used the rationetter described in. 
Kelly Patent No. 2,362,562, issued November 14, 
1944: ... An instrument 25 of this type is diagram 
matically shown in Figure 1 as comprising tWO. 
field coils. 26' and 2 positioned at angles to each 
other about a central axi; 25d., a permanent mag 
net 28 pivoted at the axis 25a, a pointer 29 car 
ried with the permanent magnet and a Suitably 
calibrated scale 29a (fractionally shown) with 
which the pointer registers. : The operation of : 
this instrument is such that when only one of the 
two coils is energized the magnet aligns... itself 
with that coil, and whein both coils are energized 
the magnet takes an intermediate, position be-, 
tween the coils in proportion...to the relative en 
ergizations of the coils. 
The coils of the instrument 25 are connected in 

a bridge-type circuit 38 which is adapted to cause 
the current in one coil to decrease to a minigun 
as: the current in the other coil is increased to a 
maximur, and Vice. Versa. 
circuit is formed in the present instance by COn 
necting the two coils, in series between the Cath 
odes 2 c and 22c, and by connecting resistors. 3, 
323and 33 from the cathodes and from the junc 
tion 34 between the coils to a common junction 35. 
This bridge network of coils and resistors forms 
the principal load for each electron device 2 
and 22, this load being that which appears effec 

Such a bridge-type : 

O 

O 

tively between the respective cathodes and the 
junction 35. 

Preferably, the electron discharge devices 2 
and 22.are biased so that they will also rectify 
the two voltages: under comparison, the term 
“bias' being herein employed to embrace “Zero' 
biasias: Well as any finite-bias. 
shown in Figure 1 the grids are biased to plate 

In the System : 

current cutoff by returning the grids through 
grid leak, resistors 3 S. and 37. to ground and by 
holding the cathode above ground potential by 
connecting the junction 35 to a bleeder circuit 
comprising resistors 38 and 39 connected in Series 
across the plate supply battery 24. Since the 
bias, so produced has always a fixed relation to 
the plate voltage, plate current cutoff is main 
tained irrespective of variations in the plate 
voltage. 
The grid leak resistors have high resistances 

relative to the impedances across which the Volt-, 
ages under comparison are derived. Since the 
grid-cathode circuits of the electron discharge 
devices - present no load on the voltages -under 
comparison-in that the grids are always nega 
tive relative to the cathodes, as will hereinafter 
appear-it is evident that the measuring: Cr. Con 
trolling apparatus herein provided presents. Sub 
stantially no load on the voltage or element un 
der-measurement to influence or affect that Volt 
age or element. 
The Operations of a cathode-follower: Stage: is 

expressed very simply by the formula : 
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6 t; 

nul Y . 

i+\mut/e y p' 

R+mi 
where it is the discharge or cathode current, mul: ; 
is the amplification factor of the tube, ie is the 3. 
dynamic. Voltage impressed on the grid, Rp is the 
dynamic plate resistance of the tube, and R1 is. 
the dynamic load impedance. By analogy to the 
conventional amplifying. Stage, the propagation. 
factors of , a, cathode-follower. Stage is alwayS. 
somewhat...less than 1, being mu/(mus-1), but. 
the effective dynamic plate resistance of the tube: 
is Very low, being Rp/(mu--1), which is Only...aps: 
proximately 650 ohms for one section of: a 6SN 
tube above referred to. Thus, the cathode fols 
lower is essentially an impedance-transforming 
device which produces: very little loss in: Voltage. 
Because. Of this...chara?ieristic. of the cathodes: 
follower stage, it is admirably Suited to the ap 
plication of liquid-level measurement because 
of the typically high impedance of the immersed. 
detecting... condenser and the relatively low "in 
pedance of the usual measuring instrument.: 
Since the cathode: follower is a voltage-degenera. 
tive one it is characterized, So long as the load. 
resistance is high relative to the effective dynamic 
plate resistance of the tube, by high Stability in 
response to variations in the plate supply, voltage. 
and of the tube characteristics. However, not 
withstanding that the cathode follower is a des: 
generative one on a voltage, basis, it has a high: 
power amplification factor when the stage is fed: 
from a high-impedance Source. This is because: 
the cathode follower stage. has a relatively low ; ; 
dynamic plate resistance. 
By reference to the graph of Figure 2 there; 

may be: readily visualized the operation of each 
cathode follower stage. When the tube is biased to 
plate current cutoff. This graph shows a family. 
of the plate-current plate-voltage curVeS for a 
6J5 tube--the equivalent of one section of a 6SN7 
tube. and, includes a load line for 4000 ohms 
drawn from a point 0 at 120 W, and 8 v. grid biasi, 
on the plate voltage. axis, this load of .4000 ohms: 
being a typical one for each cathode follower: 
stage, as is hereinafter apparent. During: each 
negative half cycle of the A.-C. voltage. applied: 
to the grid of each cathode follower stage, the: 
grid is swung ever, more negative and no plate 
current flows, . During each positive half cycle, 
there is an excursion up the load line but to 'an. 
extent which is only a fraction of the Voltage. 
applied to the grid because of the grid-following 
action of the cathode. ... For example, an excurs 
Sion up the load line to zero grid bias Will cause. 
a peak plate current of 8.5 mal., and cause the 
cathode potential to rise by 34 v. (.0085X4000). 
To produce this zero grid bias the voltage on the 
grid must be: raised by the 34 v. of the cathode 
plus the initial 8 v. bias, or by a total of 42 v. 
These alternate half-cycle excursions up the loads: 
line cause pulses of D.C. current to flow from: 
each cathode: through the bridge netWork to 'the'' 
junction 35 and thence through the resistor. 39 of 
the bleeder circuit to ground.... The average value, 
of this current from the cathode. 22c is fixed as 
for any given value of the A.-C. Source: 3, but: 
the average, value of the current from the cath 
ode 2 c varies as the condenser 2 varies. 3. Upon", 
properly adjusting the bridge resistors 3, 32 and ". 
33, a predetermined maximum current from the . . 
cathode 2c, corresponding to a minimum Values: 
of the condenser. 2, will cause the current in the: 
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coil 27 to be zero and the current in the coil 26 
to be a maximum so as to produce a reading at 
one extremity of the scale 29.a. Likewise, a pre 
determined minimum current from the Cathode 
22c, corresponding to the maximum value of the 
condenser 2, will cause the current in the coil 
27 to be a maximum and the current in the coil 

- 26 to be a minimum to cause the pointer 29 
to read at the other extremity of the Scale. That 
the currents in the coils will so vary as the po 
tential of the cathode 2 c is varied while that of 
the -cathode 22c is fixed is evident from the fact 
that the potential of the junction 34 between the 
coils varies always in the same direction as that of 
the cathode 2c but to a lesser degree, causing 
therefore the potential of the cathode 2 c to 
gradually approach that of the junction 34 as 
the potential of the cathode falls and causing 
the potential of the junction 34 to gradually ap 
proach that of the cathode 22c as the potential 
of the cathode 2 crises. 

It is apparent from an inspection of the graph 
of Figure 2 that it is desirable to adjust the load 
resistance and the magnitude of the Voltage ap 
plied to the grids of the cathode-follower stages 
so that the half-cycle excursions up the load line 
will be nearly to the plate-current plate-Voltage 
curve for zero grid bias, for then the operation is 
principally in the region where the tube charac 
teristics are essentially linear and the ratio of 
the average plate current of the cathode-follower 
stages, for a given value of the condenser 2, is 
essentially constant within a wide range of varia 
tion of voltage of the source f3. In this respect 
it is interesting to note that a reduction in the 
peak voltage applied to the grids should be ac 
companied by a reduction in the load resistance, 
for then the cathode does not follow the grid 
so closely and the operation will extend into the 
linear portion of the tube characteristics. Of 
course, to minimize the effect of the curved por 
tion of the tube characteristics, there should be 
used tubes having sharp plate current cutoff. 
The minimum required plate voltage for the 

cathode-follower stages, for any given value of 
A.-C. voltage applied their grids, is that Which 
just prevents the grid bias from being overcome. 
Obviously, as the A.-C. grid Voltage is decreased, 
the plate voltage may be decreased. For example, 
it is found that upon applying about 25 V. peak 
to the grid of a 6J5 tube having a cathode load 
of 4000 ohms, the minimum required plate voltage 
is approximately 70 v., but if about 42 v. peak are 
applied to the grid the minimum required plate 
voltage is approximately 120 V. as hereinbefore 
mentioned. If the operation is Well into the 
linear portion of the tube characteristics, varia 
tions in the plate Voltage above the minimum re 
quired value have Substantially no influence on 
the indications of the meter 25. 

Because of the balancing-out character of the 
voltage-divider circuits, the frequency and mag 
nitude of the Source 3 as well as temperature 
induced variations of the elements in these cir 
cuits do not tend to produce any error. Also, the 
final indications are substantially independent of 
Variations in the tube characteristics and the 
plate Supply Voltage because of the inherent 
stability of the cathode-follower circuit. A fea 
ture of the system shown in Figure 1 which is 
instrumental particularly in ruling out varying 
tube characteristics as a Source of error is in 
biasing the tubes to plate current cutoff, for there 
is no static space-discharge current to influence 
the final indications. The Only space-discharge 
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8 W 
currents which flow through the tubes are the 
alternate half-cycle impulses induced by the volt 
ages under comparison. These Space currents 
depend only on the relatively stable dynamic 
characteristics of the tubes. 
Although the present System is basically inde 

pendent of the frequency of the source 3, it is 
found that the driving torque produced in the 
meter 25 decreases as the frequency of the source 
3 increases. It is believed this is due to the 

fact that the inductance of the meter coils in 
creases with frequency. This objectionable re 
Sult is however readily overcome simply by plac 
ing condensers 40 across the meter coils. These 
condenser's produce the result of maintaining a 
Substantially steady voltage across the coils and 
of providing a steady and substantially greater 
flow of current through the coils, all other con 
ditions being the same. The values of these con 
densers are not critical since they may be se 
lected Within a wide range. 
By Way of example, the following components 

and typical values have been used very satis 
factorily in the system shown in Figure 1: A-C. 
voltage of source 3, 50 v. R. M. S. maximum; 
capacity variation of condensers 2 and 8 in 
parallel, 600 to 1000 mmfcd.; capacity of con 
densers , 5 and 6, 800 mmfcd. each; resistances 
of grid leaks 36 and 37, 4 megohm; space-dis 
charge devices 2 and 22, 16SN7 tube; resistances 
of coils 26 and 27, 1000 ohms each; resistor 3, 
8500 ohms; resistor 32, 6500 ohms; resistor 33, 
7800 ohms; resistor 38, 10,000 ohms; resistor 39, 
approximately 800 ohms; battery 24, 120 v. mini 
Inum; and Condensers 40, .2 mid. each. With the 
above values, there is obtained a maximum cur 
rent through each meter coil of approximately 
1.4 ma. 

If the operation of the cathode-follower stages 
is confined principally to the curved portion of 
the plate-current plate-voltage characteristics, 
the indications of the meter 25 Will vary some 
What With changes in the A-C. voltage of the 
Source 3 and also with changes in the plate volt 
age. However, the variation in the indications 
caused by a change in the voltage 3 is opposite 
to the variation caused by a change in the plate 
voltage; in fact, it is found that if these two volt 
ages are maintained in fixed proportion to each 
other they may be varied through wide ranges 
Without Substantially influencing the meter in 
dications at all. Typically the voltage 3 is ob 
tained from an oscillator which is powered from 
the same source as that which provides the plate 
voltage, and the oscillator voltage will then tend 
to vary in fixed relationship with the plate volt. 
age. However, some change in this relationship 
may occur in practice from variations in the 
characteristics of the oscillator tubes, change of 
Oscillator tubes, temperature-variable effects, etc. 
If it is desired to hold this relationship fixed, a 
rectifier may be connected across the oscillator 
Source 3 and be biased in fixed relation to the 
plate voltage so as to clip off the peaks of the 
positive half cycles of the oscillator voltage. As 
shown dottedly in Figure 1, such clipping may be. 
effected by a diode 47 connected from the un 
grounded side of the oscillator source 3 through 
a suitable on-off switch 48 to a tap 49 of the 
bleeder circuit 38-39. The switch 48 may be 
provided to enable the clipping circuit to be dis 
abled if desired. It is preferable to so design 
the System that the operation will be principally 
within the linear portion of the tube characteris 
tics, as above described, in which case this clip 
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ping circuit. is not. ordinarily necessary. The 
maximum voltage of the positive half-cycles of 
the oscillator source 3; which this clipping. Cir 
cuit will pass is - determined by the bias voltage 
on the diode 4 obtained from the bleeder circuit, 
provided of course the resistance of the portion of 
the bleeder circuit from which this: bias voltage 
is obtained is low relative to the effective. internal 
resistance of the source. 3. Typically; the diode 
is biased to clip the normal voltage supply of the "10: 
Oscillator by an amount equal at least to the 
Inaximum variation effected in the oscillator Volt 
age independently of the variation thereof in 
duced by changes in the voltage of the power 
Supply for the Oscillator. 

. In Figure 3 there is shown a nodified input 
circuit for the present measuring Systems. Where 
in the fixed voltage-circuit, corresponding to the 
fixed voltage-divider circuit - A of Figure. 1, , is 
simply a direct connection of the lead 2 to the 20 
driving-source 3. This simplified circuit may be 
enployed when it is permissible to impress the 
whole voltage of the Source 3 on the grid .22d, of 
the electron discharge. device. 22. As before, the 
ratio of the voltages. impressed on the two grids 25 
2 cl and 22d. is independent of the frequency and 
magnitude of the Source f3. 

In Figure 4 there is ShoWin another modified 
form of input circuit for the present, measuring 
System. In this embodiment the Voltage. taken 30 
from the variable divider: circuit, O is fed to the 
grid 2 a through a 'link' circuit. A which is in 
ductively coupled to the condenser 2 by a trans 
former 42 and to the grid-2a, by a transformer 
43. The advantage of using. Such link circuit is .35 
that upon the transformer. 42 having a step 
down ratio. and the transformer,43, having a cor 
responding step-up-ratio the link circuit will have 
a low impedance. and low . Stray capacitance. 
Thus, notwithstanding that the condenser:2 may 340 
have a high reactance under the particular oper 
atting conditions, it may be coupled through long 
distances to the grid 2 a without encountering 

, any substantial loSS due to stray capacity of the 
coupling circuit, or Without requiring any special 
low-capacity shielding of that circuit. 
Also in Figure. 4, the fixed Voltage-divider.cir 

cuit, referred to a S. 4d, is shown as Serially.com 
prising two resistances. A4 and 45.in place of the 
condensers f and 6 to illustrate the flexibility. 
in type of impedance elements, which may : be 
employed. Since: both...elements in the fixed 
divider circuit .4d. are of the same type... it is 
apparent that the ratio. Of the Voltages, fed...to 
the grids 2 cl and 22d. is still independent of the 
frequency ... and magnitude of the . . voltage 
Source 3. 
In Figure 5 there is shown a different type, of 

Cathode-follower circuit for the present. neasur 
ing system. This cathode-follower circuit may 
be used With any of the input circuits herein 
before described, wherefore: those circuits need 
not be here again ShoWn. In this. Cathode-fol 
lower circuit the grid leak resistors. 36. and 3 
are connected from the grids directly to the re 
Spective cathodes, and blocking condensers. 46 
are connected in the grid circuits. Where neces 
Sary, also, the junction 35 of the bridge 30, is 
connected directly to ground. As a result, the 
grids have normally. Zero bias, and therefoWS, 
normally a high value of Static. Space-discharge 
current through the tubes, the quiescent...point 
of operation being at P on the load line in Fig 
lure 2... When an A.-C. Voltage is impressed on 
the grids, the grids: go. positive...relative... to the 
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Figure 1. 
rectifiers as shown there may be used full-Wave 
Irectifiers, in which case the blocking condensers 
$55, and resistors 56 are not required. 

acteristics. 

10 

half ... cycles. However, - as the grids- tend :te, "go 
positive their impedance from ground falls; and 
they... capture less voltage from the: input circuits; 

- as a result, during the positive half. cycles the 
grid. Voltages.remain substantially, fixed. Dur 
sing the negative: half cycles of the-'inapreSSed 
A.-C. Voltage, ...there are excursions down: the 
load line from the point P, causing thesiaWeage 
-value of the static. Space-discharge current to 
-be reduced. Thus, the average values. of the 
: Space-discharge, currents... of the two devices S2 
and 22, will...vary according to the value of the 

, alternating-current - Voltages: -in preSSed. On the 
respective grids. . . In the cathode circuits of these 

: devices there is the bridge 30 including the cois 
É,265 and 27. as shown in Figure . . The variation 
in the effective cathede currents just mentioied 

; : Will cause the currents in the coils-26; and: 2 to 
vary so as to deflect tie, pointer -29 acroSS the 

: scale-29ct according to the ratio of the impressed 
A.-C. voltages as herein before selescribed. In 

... this... case, however, the readings - are depercent 
on the static; discharge currents of the Cathode 
follower tubes. his is beneficial in Securing a 

... better driving torque in the instrument 25 but 
may...be- detrimental where a high-degree of ac 
curacy is a required since this static discharge 
current, being dependent on the tiltibes charac 
steristics, may introduce a Source of error. 

: In Figure 6 there is shown a modified:-System 
. Of the character above described. Wherein - the 
cathode-follower stages are biased to paSS A-C. 
voltages without 'clipping - or - rectifying those 
voltages, and -separate devices are: employed for 

i effecting the rectifieation if-desired. --The-input 
: circuit may be any of: those hereinbefore de 
scribed, it being shown for example-a-S Compris 
ing the variable voltage-divider circuits. O and 
the fixed divider circuit 4d connected across 
-the-common-source. 3. . The Voltages from these 
circuits are fed to the grids of the tWO' Spaee 
discharge-devices 2 and 22.3. Serially connected 
between the cathedes' and ground of these “de 
vices are respective load resisters 50 and 5; and 

- bias-resistors 52 and 53, with the latter being 
connected nearer to the -cathodes. Shunting 
these bias resistors - are condensers -54, and Con 
nected from the respective grids to the lower 
potential sides of these bias resistors are: the 
grid-leak, resistors 36 and 3. . Thus, the grids 
are biased to a voltage intermediate al-Zero bias 
and that which produces plate current. Cutoff. 
As so biased, the eathode-follower stages Will 
pass A.-C. voltages without rectification or clip 
ping. 
Connected across each load-resistor; 50 and 5 

is a blocking condenser 55 and resistor 56 in Se 
ries, and connected across- each resistor 56 is a 
rectifier .57, feeding into the bridge: 30 shown in 

Of course instead of using half-Wave 

In this system of Figure 6, the operation of 
the cathode follower stages may be confined 
wholly to the linear portion of the tube char 

As a result, the operation of the 
cathode-follower stages is substantially inde 
pendent of variations in the Voltage of the Source 
3 above any mean-value not exceeding a maxi 
mum limit, and is independent also of variations 
of the plate supply voltage above the required 
minimum-limit. However, this circuit requires a 
higher plate voltage to produce a given driving 
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torque in the instrument 25 than do the recti 
fying cathode-follower circuits hereinbefore de 
Scribed. 
The present invention comprehends, as a Sub 

stantial equivalent, the use in Figure 6 of a con 
Wentional amplifying Stage having a plate-to 
grid feedback in place of the cathode-follower 
stages as above shown. Such modified embodi 
ment is indicated in Figure 6a. Here the two 
grids are returned to ground through the grid 
leak resistors 36 and 37 and the Cathodes are 
returned to ground through bias resistors 57 and 
58 shunted by respective condensers 59. The 
plates are connected through load resistors 60 
and 6 to a battery 62, and across these load re 
Sistors are connected the blocking condensers 
55, resistors 56, rectifiers 57 etc., as shown in 
Figure 6. A feedback circuit serially including 
a blocking condenser 63 and a resistance 64 is 
Connected from each plate to the respective grid. 
By properly selecting the values of the resistors 
64 in the feedback circuits, the effective propa 
gation factors of each amplifier stage can be 
made Very low, in Which case the stability of the 
Stage Will be enhanced as with respect to varia 
-tions in plate voltage and tube characteristics 
to approximate the stability and dependability of 
the Cathode-follower stage. Also, such conven 
tional amplifying stage with degenerative feed 
back, like the Cathode follower stage, has very 
low dynamic plate resistance to enable efficient 
power transfer from the amplifier stage to the 
Output meter. 

It Will be understood that in either of the sys 
tems shown in Figures 6 and 6a, each rectifier 57 
and respective resistor 56 may be eliminated so 
aS to feed A-C. voltage to the bridge 30, and 
that in Such case the D.-C. type of instrument 
25 may be replaced by a suitable A.-C. type of 
instrument. 
In Figure 7 there is shown a modified form of 

the System of Figure 6 employing a single am 
plifying Stage with feedback, preferably of the 
Cathode-follower type, as shown. The upper 
half portion (above the ground line 7) of this 
System is the same as the corresponding portion 
of the System of Figure 6 and has the same refer 
ence characters. However, in the lower half por 
tion, there are eliminated the thermionic 
Cathode-follower Stage 22 and its associated ele 
ments 37, 5f 53, 54, 55 and 56, and the lead 28 
from the fixed divider circuit 4a is connected 
directly to the rectifier 5. This elimination of 
the Second cathode-follower stage is generally 
permissible, because the thermionic tube 2, when 
connected in cathode-follower arrangement, has 
the ability to transmit the voltages applied to it 
Without any Substantial variation caused by nor 
mal changes in the plate voltage Supply and in 
the tube characteristics. In this case the re 
Sistances of the fixed divider circuit have prefer 
ably relatively low values such as will enable the 
Source 3 to provide voltage impulses in the 
bridge 30 of the desired value relative to those 
provided by Way of the cathode-follower stage. It 
Will be observed that the cathode-follower stage 
2 is however a necessary component of the 
present System since it is called upon to effect a 
power amplification and a high ratio of in-- 
pedance transformation between the high-im 
pedance Voltage-divider circuit O and the rea 
tively low-impedance measuring or control cir 
cuit 30. 
As a further illustration of my invention there 

is shown in Figure 7a a modified form of the 
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system of Figure 5 wherein there is employed a 
Single cathode-follower stage. Here again sub 
stantially the upper half portion of this modified 
system is the same as the corresponding portion 
of the system of Figure 5. The thermionic tube 
22, which receives the voltage of the fixed divider 
circuit 4 is however here eliminated. Instead, 
the source 3 is stepped up in Voltage by a trans 
former Ti, rectified by a rectifier 72, filtered by a 
filter generally referred to as 73 and fed to a 
bleeder circuit 74 and, by a lead 75, to the plate 
2b of the thermionic tube 2. From the bleeder 
circuit there is tapped off a voltage of Suitable 
value which is fed by a lead 6 to a point of the 
bridge 36 corresponding to that which, in Figure 
5, is connected to the cathode of the Second 
thermionic tube 22. It Will be observed that SO 
long as the operation of the thermionic Stage 2 i 
is substantially independent of its plate Supply 
voltage, the ratio of the two rectified voltages 
Which are fed to the bridge circuit 3 is dependent 
only on the variable condenser 2, the Saine as in 
the System of Figure 5. For the Same rea,Sons as 
are pointed out above in connection. With the 
system of Figure 7, the cathode-follower Stage 
2 remains a necessary component of the System. 
This invention comprehends that in any of 

the foregoing indicating Systems the instrument 
25 may be converted to a control instrument, or 
relay, by providing the movable pointer with a 
contact 65 and providing in the path of this mov 
able contact one or more Semistationary contactS 
66 as indicated in Figure 8. The foregoing SyS 
tems may thus be converted to control Suitable 
apparatus for fueling or defueling tanks in case 
the systems are operated from a tank condenser 
2 as above described, or may of Course otherwise 
be used in a wide range of control applications. 
In Figure 9, there is shown purely by way of 

example a type of input circuit for the present 
System which may well adapt the System for the 
measuring of frequency. This input circuit Com 
prises one voltage-divider circuit that Serially 
includes two impedance elements 6 of the same 
type-for example resistors-So as to be inde 
pendent of frequency; also, the input circuit 
comprises a second voltage-divider circuit that is 
Sensitive to frequency, including for example a 
resistance 68 and condenser 69 in series. Both of 
these voltage-divider circuits are, as before, con 
nected acroSS a common Source of A-C. Voltage 
70 the frequency of which is under measurement. 
As the frequency of this Source varies, for ex 
ample, the ratio of the voltages taken from the 
two divider circuits by the leads 9 and 20 will 
vary and may be indicated by the Systems here 
inabOWe described, it being understood however 
that this ratio is independent of the magnitude 
of the source 70. S 
The present electrical Systems are not limited 

to the particular instrument 25 and bridge cir 
cuit 30 above described but may employ any suit 
able instrument for producing a defection in 
response or according to the variation in the ratio 
of the voltages under comparison. In Figure 10, 
for example, I show an alternative such instru 
ment and circuit. This instrument, referred to 
generally as 77, has a rotor 28 and pointer 29 
pivoted at 25a, the same as the instrument 25. 
However, in this instrument each of the field coils 
is provided in two sections, there being one coil 
78 having sections 8a and 78b and a coil 79 

- having sections 79a and 79b. The coil sections 
78a and 7.9b are serially included in a circuit 80 
connected from the cathode 2 c to the junction 
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35, and the coil sections 9a, and 78b are serially 
included in a circuit 8 connected from the 
scathode 22c to the junction 35, this junction being 
connected for example to the bleeder circuit 
338-39 as in Figure 1. The sections of each coil 
78 and 79 are poled, in the circuits 80 and 8 so 
as to magnetically oppose each other; also the 

; Sections of each coil are placed in close physical 
- relationship with one another so that when the 

5 SOurce. 

14 
Zero to a maximum, in response to variations...in 
the resistance under: measurement. The current 
in: the compensating. coil, on the other hand, 
Varies. Only. With change in the Voltage - of the 

Upon poling the compensating coil. So 
that...its electromagnetic field opposes that of the 
permanent magnet, the effective magnetic field 
across the poles. 9... is reduced in response to an 

1, increase in the Voltage source to compensate for 
ampere turns in the sections are equal the re-: 0, the increase of current in the moving coil in re 
Sultant field is effectively neutralized. : A pre 

... ferred form of each coil 78 and 79 is one of a 
twin-filament' type wherein two wires are 
Wound side by side to form coil. Sections having 
equal turns and resistance. 
From the foregoing description it is understood 

that the potential of the cathode 2c is varied in 
response to variation of the quantity under meas 
surement, and that the potential of the cathode 
22c is relatively fixed. If the potential of the 20 
cathode 2 c is varied say 20% above and below 
that of the coil 22c, the coil Sections. With the 
suffix letter b should likewise have effectively 
20% less ampere turns than the respective coil 
sections with the suffix letter a for equal currents: 25 
in the circuits 83 and 8. This is accomplished 
by placing adjustable resistors 82 and 83 across 
the coil sections 8b and 79b. The resistor. 82 is 
adjusted so that. When the Voltage of the cathode 

: 5 
well to improved long-scale (approximately 270) 

2 c is a maximum the resultant field of the coil 30 
9 is Substantially Zero and So that When the Wolt 

age of the cathode 2 c. is a minimum the re 
Sultant field of the coil. 78 is substantially, Zero, 
Under these conditions it is apparent that When 
the effective field of one coil is substantially. Zero 
that of the other coil is a maximum. Thus, as 
the Voltage of the cathode 2c varies between 
maximum and minimum values, the rotor 28 will 
be deflected, as in the instrument 25, to Swing 
the pointer 29 across the full length of the scale: 40 
29d. When both the coils and the resistors 82 
and 83 have the same temperature coefficient of 
electrical conductivity, say that of copper, the 
currents in the circuits 80 and 8 vary alike with 
change in temperature and temperature effects 45 
are therefore balanced out. 
In Figure 11 the System of Figure 1 is revised 

to include a, D'ArSonWall type of electrical instru 
ment having a compensating coil, which, when the 
instrument is connected in an ohmmeter type of 50 
circuit, is adapted to compensate for fluctuations 
in the source of potential used to operate the 
ohmmeter. A simple form of short-Scale, instru 
ment of this type is described in the Harrison 
Patent No. 1,695,424 issued December 18, 1928. 55. 
This instrument comprises a magnet. 90 having 
field poles 9 with confronting arcuate pole faces 
'92 between which is centered a soft iron. cylin 
drical core 93. Surrounding this core is a movan 
ing coil 94 pivoted at the central axis of the core, 60 
and carried with the moving coil is a pointer. 95 
which registers with a scale, 96. As so far. de 
scribed, this is a regular D'ArSonWall type of in 
strument. To compensate such instrument for 
fluctuations in the voltage Supply when the in- 65 
strument is used in an ohmmeter circuit, the 
poles of the magnet 99 may be bridged by a soft 
iron bar 97, which may have air gaps 98 between 
it and the magnet poles. On this bar there is a 
compensating coil. 99. 
cuits the moving coil is connected as the croSS 
arm of an electrical bridge and the compensating 
coil is connected in Series with the source of Volt 
age for the bridge. Thus, the current in the 
moving coil will vary over a wide range as from 75 

35 

In typical ohmmeter cir- 70 

Sponse to that. Voltage: increase, and vice Versa. 
; While I do. herein illustrate my invention in con 
...nection. With this simplified short-scale form of 
compensated moving-coil instrument, it will be 
understood that my invention is applicable; as 

moving-coil instruments, of this compensated 
type such as the improved long-Scale instrument 
idescribed in the pending...application of Jacob L. 
Zar; Serial No. 676,613, filed June 14, 1946 and 
having a common assignee, with the present ap 
plication. 
The System shown in Figure 11 has a bridgecir 

cuit. 3)a corresponding to the bridge circuit. 30 of 
Figure 1 but differing from the latter in that the 

it compensating coil: 99 of the above described in 
strument is connected in the place of the resistor 
33 and in that a resistor 0 is connected in the 
place of the field, coil. 2... Also, in place of the 
field coil 26 there is connected a moving coil.94. 
An additional change in the System of Figure 
1 over that of Figure 1 lies in eliminating the 

Second thermionic stage including the tube 22, 
and in connecting a rectifier, Olin its place as in 
the embodiments of Figure 7 and 7d hereinbefore 
described. The rectifier O is used in place: of 
the tube 22, because: the compensating coil. re 
quires considerable electrical power-typically of 
the order of .5 W. and a simple rectifier is better 
able to supply this power than is a thermionic 
amplifier Stage. Since this power for the con 
pensating coil is to be obtained from the oscil 
lator source. 3, the resistors 4 and 45 of the fixed 
Voltage-divider circuit a will typically have low 
values or may desirably be eliminated as shown 
in Figure 3 whenever the full voltage of the 
source 3 may be applied to the rectifier?. To 
increase the flow of current through the coils 94 
and 99 as is hereinbefore described, the same are 
shunted by respective condensers 02 and 03. 
- Since the potential at the junction 64 of the 
bridge 30a, does not vary with change in the de 
tecting condenser 2 but does change with the 
Voltage of the source 3, and the potential of the 
other corresponding junction of the bridge 30a, 
the cathode 2 ic, varies both with change in the 
condenser 2 and the voltage of the source. 3, the 
currentS in the two coils, 94 and 99 vary alike...in 
response to changes in the voltage of the source: 3 
but, the current in the moving coil varies only 
with change in the condenser f2. Since the oscil 
lator Source 3 produces like current changes in 
both Coils, Variations in the Voltage of this source 
are ruled out as a source of error. It may be 
noted that changes in the voltage of the battery 
24 will tend to produce a relative variation in the 
currentS in the tWO coils; 94 and 99 but that such 

: relative change will be very Small and will pro 
: duce little error Since variations in the battery 
produce no. Substantial variations in the current 

i of the moving coil in View of the operation of the 
cathode-follower Stage 2 being. Substantially in 
:-dependent of plate voltage. 

In Figure. 12...there is shown a revision of the 
System of...Figure 1 to convert it to, one of a null 
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type having a long scale as of the order of 300 
: to 360. In this system the electrical instrument 
f05 is a double-throw relay having a pole 65 
working between two contacts 66 as before ShoWn 

... in Figure 8. The circuit for this relay may con 
prise the bridge 39, but alternatively the resist 
ors 3, 32 and 33 may be eliminated and the junc 
tion 34 may be joined directly to the junction 35 
as whenever less sensitivity-less deflection per 
unit change of the condenser f2-is needed. The 
relay 05 controls a reversible motor 6. Which is 
Supplied with power from the battery 24 through 
leads 0. This motor is of a type having a pole 
terminal 08 and two associated control terminals 
09 and 0. These terminals are connected to 

the motor circuit so that when the two fo8 and 

O 

09 are bridged together the motor will turn in 
one direction and When the two 8 and are 
bridged together the notor Will turn in a reverSe 
direction, the motor coming to standstill when 
these terminals are open. The pole terminal 98 
is connected by a lead 8a to the pole 65 of the 
relay 05 and the control terminals 09 and 
are connected by respective leads 69a and d. 
to the respective contacts 66. Thus, when the 
relay closes in one direction the motor Will turn 
one Way and when the relay closes in the other 
direction the motor Will turn the other way, the 
motor coming to standstill when the relay Con 
tacts open. 
The motor has a shaft which drives a Shaft 
2 at right angles thereto through worm, gear 

ing 3. The shaft 2 has a drive connection, 
generally referred to as 2a, to a pointer 4 
which registers with a scale . This scale may 
have any desired length up to a maximum of 360°. 
Also, as through the drive connection f 2a, the 
motor drives a movable arm 6a of a rheostat 

6. This rheostat replaces the resistor 45 of the 
fixed voltage-divider circuit, this circuit being 
here referred to as 4t. This system is arranged 
So that When the voltage on the condense 2 
and that across the rheostat if G are in a predeter 
mined ratio, say a ratio of unity, the relay 65 
is open with the poie 65 thereof being substan 
tially midway between the two contactS 6. The 
operation of this System is as follows: 
When the condenser 2 undergoes a prede 

termined change in capacity, the pole 65 is closed 
with one of the contacts 56 to start the motor run 
ning to shift the position of the pointer it rela 
tive to the Scale 5 and concurrently to vary the 
rheostat 6. The relay, notor and drive Con 
nections of the motor to the rheostat are poled so 
that this variation of the rheostat will bring the 
Voltage thereaC1'OSS Substantially in balance With 
that across the condense 2. When this condi 
tion of substantial balance is reached the relay 
G5 is again opened and the motor comes to a 

standstill. A change in the rheostat through its 
full range is accompanied by a change in the 
pointer 4 across the full length of the Scale 

5, and the scale if 5 is so calibrated that the 
pointer will register with a division thereon cor 
responding to the value of the condenser 2 or 
the quantity which the condenser represents, as 
When the Woltages acroSS the condenser and the 
rheostat are Substantially in balance. Thus, there 
is obtained a long-Scale measuring System, which 
is very desirable in aircraft fuel gauges because 
of the large quantity of fuel which the system 
must gauge. Also, since each reading is obtained 
under conditions of substantial balance, as to the 
Voltages taken from the two voltage-divider cir 
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cuits, errors due to temperature, etc. are substan 
tially balanced out.- 
I have hereinabove particularly described my 

invention in terms of certain preferred embodi 
ments, but these embodiments are intended to be 
illustrative and not necessarily limitative of my 
invention since the Same are Subject to changes 
and modifications without departure from the 
scope of my invention, which I endeavor to ex 
press according to the following claims. 

I clairn: 
1. In an electrical System responsive to a vari 

able quantity and including sources of alternat 
ing and direct current: the combination of means 
for providing a first A.C. voltage dependent both 
on said A.-C. Source and Said Variable quantity; 
means connected to said A.C. Source for pro 
Viding a Second A.-C. voltage dependent on said 
A.C. source and independent of said quantity; a 
pair of thermionic Stages each including a cath 
ode, grid and plate, means for feeding said A.-C. 
Voltages to said grids respectively, means con 
necting said stages as cathode followers with the 
plates thereof being connected directly to said 
D.-C. Source and With the grids thereof being 
biased relative to the respective cathode poten 
tials to produce D.-C. voltages in the respective 
Cathode circuits which vary substantially accord 
ing to Said respective A-C. voltages; a D.-C. 
type of electrical instrument having a movable 
element and coils for producing two relatively 
variable electromagnetic fields to deflect said ele 
mant upon relative variation of two D.-C. cur 
reints; and a bridge-type load circuit between 
Said Cathodes and ground comprising a first 
branch Serially including said coils and connected 
between the cathodes of said stages, a second 
branch Serially including two impedances and 
connected also between said cathodes, and a third 
impedance connected between a point in said first 
branch and a point in said second branch. 

2. The combination set forth in claim 1 in 
cluding means connected between said A-C. and 
D.-C. Sources for maintaining the voltage of said 
A.-C. Source and Said plate potential Substantially 
in fixed proportion to each other. 

3. In an electrical System responsive to a vari 
able quantity and including a source of alternat 
ing Current: the combination of means for pro 
Viding a first A-C. voltage dependent both on 
Said Source and Said variable quantity; means 
connected to Said source for providing a second 
A.C. Voltage dependent on said source and in 
dependent of Said quantity; a pair of thermionic 
stages each including a cathode, grid and plate, 
means for feeding said A.-C. voltages to said 
grids respectively, means connecting said Stages 
as Cathode followers with the grids thereof being 
biased relative to the respective cathode poten 
tials to produce D.-C. voltages in the respective 
cathode circuits which vary substantially accord 
ing to Said respective A-C. voltages; a D.-C. type 
electrical instrument including a movable ele 
ment and coils for deflecting said element Upon 
Variation of the D.C. currents in said coils; a 
bridge circuit including said coils connected in 
Series between said cathodes, and three resistors 
Connected respectively from said cathodes and a 
point between said coils to a common junction; 
and a circuit Connection between said junction 
and ground of the System. 

4. The combination set forth in claim 3 includ 
ing electrical condensers connected across said 
coils for increasing effectively the current flow 
through the coils respectively. m 
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5. In an electrical System responsive to a vari 
able quantity and including Sources of A.-C. and 
D.-C. current: the combination of means for pro 
Viding a first A.-C. Voltage proportional both to 
that of Said A.-C. Source and to said variable 
quantity; means for providing a Second A.-C. 
Voltage proportional to that of Said A.-C. source 
and independent of said quantity; a pair of ther 
mionic devices each including a cathode, grid 
and plate; means feeding said A.-C. voltages to 
Said grids respectively; means connecting said 
plates directly to Said D.-C. Source; means con 
nected to D.-C. source for biasing said grids sub 
stantially in fixed proportion to the respective 
plate Voltages to maintain said devices Substan 
tially at plate current cutoff; and a D.-C. type 
electrical instrument including a movable ele 
ment and coils for producing two relatively vari 
able electro-nagnetic fields to defect said ele 
ment upon relative variation of two D.-C. cur 
rents, Said coils being connected in the cathode 
circuits of Said devices. 

6. The combination set forth in claim 5 in 
cluding a rectifier connected across said A.-C. 
Source and biased in fixed proportion to said 
ED.-C. Source for clipping peak portions of the 
positive half cycles of said A.-C. Source whereby 
to maintain a fixed proportionality between the 
magnitude of Said positive half cycles and the 
Voltage supply to said plates. 

7. In an electrical System responsive to a vari 
able quantity and including sources of A-C. and 
D.-C. current: the combination of means for 
providing a first A.-C. voltage proportional both 
to that of said A.-C. source and to Said variable 
quantity; means for providing a second A.-C. 
voltage proportional to that of said A.-C. source 
and independent of said quantity; a pair of ther 
mionic devices each including a cathode, grid and 
plate; grid-leak resistors connecting said grids 
to ground for the system; means feeding said 
A.-C. Voltages to Said grids respectively; means 
Connecting Said plates to said D.-C. source; a 
bleeder circuit connected from said D.-C. Source 
to ground for the System; a D.-C. type instrument 
including a movable element and a pair of coils 
for deflecting said element in response to a rela 
tive variation of D.-C. current through said coils; 
and a bridge circuit including said coils and con 
nected between said cathodes and a tap of said 
bleeder circuit, said tap being chosen to cause 
Said thermionic devices to be biased substantially 
to plate current cutoff. 

8. In an electrical System responsive to a vari 
able quantity and including a source of alter 
nating current: the combination of means for 
providing a first A.-C. voltage dependent both 
On said Source and said variable quantity; means 
connected to said source for providing a second 
A.-C. Voltage dependent on said Source and in 
dependent of Said quantity; a pair of thermionic 
devices each including a cathode, grid and plate 
Connected as cathode followers, said A.-C. volt 
ages being fed to said grids respectively; grid 
leak resistors connected between said grids and 
respective cathodes for biasing said grids sub 
Stantially to the potential of the respective cath 
Odes So that D.-C. voltage variations are pro 
duced in the cathode circuits of said devices ac 
cording to the respective A.-C. voltages impressed 
On Said grids; a D.-C. type electrical instrument 
including a movable element and coils for pro 
ducing two relatively variable electro-magnetic 
fields to deflect Said element upon relative varia 
tion of two D.-C. currents; and a circuit includ 
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ing said coils and connected between said cath 
odes and ground for said System. 

9. The combination set forth in claim 8 where 
in Said last-stated circuit is of a bridge type hav 
ing a branch connected between said cathodes 
and serially including said coils, and including 
three resistors connected respectively from said 
Cathodes and from the junction between said 
coils to said ground. 

10. A rectifying System comprising a thermi 
onic device having a cathode, grid and plate 
connected as a cathode follower; a load device 
connected between Said cathode and ground of 
Said System; means for supplying a potential to 
Said plate; and means connected to said plate 
Supplying means for biasing said grid in accord 
ance With Said plate potential substantially to 
plate current cutoff. 

11. A rectifying System comprising a thermi 
Onic device having a cathode, grid and plate con 
nected as a cathode follower; means for supply 
ing a D.C. potential to said plate; a grid-leak 
resistor connected between said grid and ground 
for Said System; a bleeder circuit connected 
acroSS Said plate-supplying means and to said 
ground; and a load circuit for said device con 
nected between said cathode and a point of said 
bleeder circuit to bias said grid substantially to 
plate current cutoff. 

12. In an electrical System responsive to a vari 
able quantity and including sources of direct and 
alternating current: the combination of one cir 
cuit composed only of linear impedance elements 
One of which is variable and connected to said 
A.-C. Source for providing a first A-C. voltage 
proportional both to that of said A.-C. Source and 
to Said quantity; a second circuit connected to 
Said A.-C. Source for providing a second A-C. 
Voltage proportional to that of Said A.-C. source 
and substantially independent of said quantity; 
a cathode-follower stage including a grid, cath 
Ode and plate connected to operate as a rectifier 
Said plate being connected to said D.-C. source; 
means feeding said first A-C. voltage to said 
grid; a D.-C. type electrical instrument including 
a movable element and two coils for deflecting 
Said element upon a relative variation of D.-C. 
current in Said coils; circuit means connected to 
Said Second circuit and including a rectifier for 
providing a D.-C. voltage proportional to said 
Second A.-C. voltage; a circuit for feeding the 
rectified voltages from said cathode-follower 
Stage and Said rectifier to said coils, said circuit 
having a ground connection and being adapted 
to cause a relative change in the D.-C. current 
in Said coils in response to a variation of said 
Variable quantity; and means connected between 
Said A.-C. and D.-C. sources for maintaining the 
effective Voltages of Said sources substantially in 
fixed proportion to each other. 

13. In an electrical ratio system for measuring 
a variable electrical quantity, including A.-C. and 
D.-C. Sources of potential: the combination of a 
first voltage-divider circuit connected across said 
A.-C. Source and having an output terminal for 
providing a first A-C. voltage, relative to ground 
of Said System, which is proportional both to that 
of said source and to said variable quantity; a 
Second Voltage-divider circuit connected to Said 
A.-C. Source and having an output terminal for 
providing a Second A-C. voltage proportional to 
that of said source and substantially independent 
of Said Variable quantity; a pair of thermionic 
Stages each including a cathode, grid and plate 
operated as a cathode follower; means connecting 
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the plates of said stages directly to said D.-C. 
Source of potential; means connecting Said grids 
respectively to the output terminals of said di 
Wider circuits; means biasing said grids relative 
to the respective cathodes to cause D.-C. voltages 
to be produced in the respective cathode circuits 
which vary substantially according to the A.-C. 
Voltages applied to the respective grids whereby 
Said Cathode-follower stages operate as rectifiers; 
a D.-C. ratio instrument comprising a movable 
indicating element and two associated coils for 
deflecting said element according to the ratio of 
the currents in said coils; and a load circuit com 
prising said coils and connected between the 
Cathodes of Said stages and ground, said load cir 
cuit being adapted to produce relatively varying 
currents in Said coils according to variations in 
the relative potentials of the cathodes of said 
stages. - 

14. In an electrical system responsive to a vari 
able quantity and including a source of alternat 
ing current: the combination of means for pro 
viding a first A-C. voltage dependent both on 
Said Source and Said variable quantity; means 
connected to said source for providing a second 
A.-C. voltage dependent on the source and inde 
pendent of Said quantity; a pair of thermionic 
devices each including a cathode, grid and plate 
Operated as a cathode follower; grid leak re 
Sistors connected between said grids and ground 
of Said System; means feeding said A.-C. voltages 
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to said grids respectively; a D.-C. ratio-type in 
strument including a movable element and two 
coils for deflecting said element in response to 
a variation in the ratio of the currents in said 
coils; circuits connecting said coils between Said 
cathodes and a junction point in Said system; 
and means between said junction and ground for 
Supplying a D.-C. potential to said Cathodes to 
bias said grids substantially to plate-current cut 
off so that pulsating D.-C. currents are produced 
in the cathode circuits substantially in propor 
tion to the respective A-C. voltages applied to 
Said grids. - 

GEORGE H. FRITZINGER. 
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